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PROGRESS REPORT ON NASA RESEARCH GRANT NR-05-035-003 FOR "HE PERIOD 

1 DECEMBER 1966 THROUGH 31 MARCH 1967. "STITDY OF BODY ENERCY CONSERVATION, 

EMPHASIZING SPACE FLIGHT ENVIRONMENTAL EFFECTS ON ORCANISMS" 

During t h i s  r epor t  period numerous a t t e m p t s  were made t o  induce 
h iberna t ion  i n  the  fat tened ground s q u i r r e l s  using f i r s t  a f r e e z e r  
regulated a t  So C and secondly a r e f r i g e r a t o r  regula ted  a t  7' C. 
reasons unknown h iberna t ion  was not achieved. Poss ib le  explanat ions a r e  
(a )  no ise  from the  compressor-motor and (b) dis turbance due t o  opening 
of the free*':or r e f r i g e r a t o r  d a i l y  i n  order  t o  rep len ish  the a i r  supply. 
A number of the s q u i r r e l s  died and the  remainder are t o  be used i n  s t u d i e s  
with r ad ioac t ive  s u b s t r a t e s  s i m i l a r  t o  those described below f o r  rats.  
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In  order  t o  supplement the  enzyme s t u d i e s  made on adipose t i s s u e  from 
ground s q u i r r e l s  and rats as reported previously,  the metabolism of ace ta te -  
2-C14 by l i v e r  of rats has  been s tudied  i n  the  presence of var ious  nonlabel led 
metabol i tes  a t  incubation temperatures of 37O, 270, 1 7 O  and 7 O  C. The 
nonlabel led metabol i tes  used were glucose, f ruc tose ,  pyruvate,  succ ina te  and 
glycine.  These substances were chosen i n  order t o  provide information on 
the  s i te  of i n h i b i t i o n  of acetate metabolism as  t h e  temperature was lowered 
and oxidat ion processes slowed. 

Conversion of ace t a t e  C 1 4  t o  f a t t v  acid-C1 4, cholesterol-C14, C1402 
and t o t a l  lipid-C14 w a s  s tud ied .  
e s s e n t i a l l y  without e f f e c t  on conversion of a c e t a t e  t o  t o t a l  l i p i d  C 1 4 ,  
whereas pyruvate, succ ina te  and g l  c ine  reduced the  conversion bv almost 

the  presence of glucose whereas i n  the  presence o f  f ruc tose ,  pvruvate,  
succ ina te  o r  glycine ci-te t o t a l  i i p i d  ~ 1 6  vaiues were only about one-sixth 
those  a t  37O. 
of t h e  values  a t  37O and a t  7 O  C no l i p i d  C 1 4  could be de tec ted .  
would appear (1) t h a t  a t  h iberna t ing  temperatures (5-7O) rat  l i v e r  i s  unable 
t o  synthes ize  l i # i d s ,  (2) a t  1 7 O  C the  synthes is  r a t e  i s  very low, and (3) 
a t  27O f ruc tose  is  apparent ly  metabolized more r e a d i l y  than Elucose s ince  
conversion of a c e t a t e  t o  lipid-CI4 i n  the  presence of f ruc tose  is  only 
one- f i f th  t h a t  when glucose is present .  Similar f indings were noted fo r  
t o t a l  f a t t y  acid-Cl4 and f o r  cholesterol-C14. 

A t  37O glucose and f ruc tose  w e r e  

50 per  cent.  A t  2 7 O  t o t a l  l i p i d  C P 4  was about one-third t h a t  a t  37O i n  

A t  1 7 0  t o t a l  l i p i d  C 1 4  values  i n  a l l  cases  w e r e  about S% 
Thus, i t  

With regard t o  acetate-Cl4 oxidation t o  C 1 4 9  a t  3 7 O ,  addi t ion  of 
glucose,  f ruc tose  o r  glycine had e s s e n t i a l l y  no e f f e c t  on a c e t a t e  oxidat ion,  
whereas i n  the  presence of pyruvate o r  succinate,oxidation was reduced bv 
more than 50%. 
pyruvate ,  succ ina te  and glycine reduced oxidat ion hy 50, 80, 80 and 25%, 
respec t ive ly ,be low con t ro l  values.  

A t  270 glucose addi t ion  s t i l l  had no e f f e c t ,  but  f ruc tose ,  

Even a t  1 7 0  C glucose addi t ion  d i d  
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no t  in f luence  acetate oxidat ion --which was e s s e n t i a l l y  the  same as a t  370 
o r  2 7 O  -- whereas add i t ion  of t h e  o the r  metabol i tes ,  except Rlycine, markedly 
inh ib i t ed  acetate oxidat ion.  A t  7O C e s s e n t i a l l y  no acetate oxida t ion  
occurred i n  any condi t ion.  It may be concluded t h a t  (1) conversion of a c e t a t e  
t o  C14O2 i s  a f f ec t ed  less by reduced temperature than i s  i t s  conversion t o  
l i p i d 4 1 4 ,  (2) n e i t h e r  glucose nor g lyc ine  are w e l l  metabolized a t  170 C, 
and (3) a t  70 metabolic processes  i n  ra t  l iver  sl ices is  e s s e n t i a l l y  nil. 

It would appear t h a t  17O C i s  about the  lowest temperature a t  which 
s y n t h e t i c  and oxida t ive  processes  can be maintained i n  rat t i s s u e  -- i n  v i t r o .  
Whether t h i s  i s  t r u e  f o r  the  i n t a c t  r a t  w i l l  be  determined by f u t u r e  s t u d i e s .  
Similar  s t u d i e s  w i l l  be c a r r i e d  out on t i s s u e s  of the  qround s q u i r r e l .  
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